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OS (54) Title: REMOVAL OF "COPPER KISS" FROM PICKLING HIGH COPPER ALLOYS 

00 
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(57) Abstract: When iron group, especially high nickel, metal alloys that contain substantial amounts of copper are pickled, a 
_ displacement coating of copper that is called a "copper kiss" often forms on the pickled surface from the dissolved copper ions in 

the pickling solution before the pickling solution can be rinsed away. Traditionally this has been removed by treatment with aqueous 

ammonia, an annoying and potentially hazardous reagent that in many instances requires expensive pollution abatement devices. 

In this invention, copper kiss is equally effectively removed by treatment with a mixture of sulfuric acid and hydrogen peroxide, 
^ optionally also containing hydrofluoric acid. 
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TITLE OF THE INVENTION 
REMOVAL OF "COPPER KISS" FROM PICKLING HIGH COPPER 

ALLOYS 

BACKGROUND OF THE INVENTION 

The general process of removing scale and other soil from the surfaces of me- 
tallic objects by acid pickling is well known. Such a process is usually applied to metal 
alloys that are predominantly constituted of "base" metals, such as iron, nickel, cobalt, 
aluminum, and/or zinc, which can thermodynamically reduce acid in aqueous 
solutions to hydrogen gas and replace the hydrogen cations that have been changed 
to hydrogen gas by dissolved metal cations in the originally acid solution. Some of 
these alloys also contain "noble" metals, such as copper and silver, that 
thermodynamically can not displace hydrogen gas from simple aqueous acid solutions 
as base metals can. The noble metals are nevertheless dissolved in the pickling 
solutions along with the base metals in the alloys pickled, and it is known in the art 
that when many such alloys are pickled, copper and any other noble metals dissolved 
in the pickling solutions usually at least partially redeposit in metallic form on the 
pickled surfaces before the used pickling solution can practically be rinsed away. 
This surface layer of displacement plated noble metal is usually described in the art 
as a "copper kiss" and is usually not acceptable as a final pickled surface. 

It is now customary in the art to remove copper kiss from initially pickled 
surfaces by contact with a strong solution of aqueous ammonia. This material is 
notoriously unpleasant in odor, because it is in equilibrium with a substantial partial 
pressure of gaseous ammonia, which has a pungently unpleasant smell and can pose 
a significant health hazard to workers if mixed with air breathed by the workers. To 
avoid air pollution, a fume scrubber is generally needed as part of the system for 
removing the ammonia gas from respirable air. Thus this established method of 
removing copper kiss is annoying, hazardous, and expensive. 

Accordingly, a major object of this invention is to provide an alternative 
method, and any needed materials for use therein, for removing copper kiss from 
pickled metal surfaces, the alternative method overcoming at least one, more 
preferably more than one, and most preferably all, of these disadvantageous 
characteristics of the use of aqueous ammonia for the purpose. Other more detailed 
alternative and/or concurrent objects will be apparent from the description below. 

Except in the claims and the operating examples, or where otherwise 
expressly indicated, all numerical quantities in this description indicating amounts of 
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material or conditions of reaction and/or use are to be understood as modified by the 
word "about" in describing the broadest scope of the invention. Practice within the 
numerical limits stated is generally preferred, however. Also, unless expressly stated 
to the contrary: percent, "parts of", and ratio values are by weight; the description of 
a group or class of materials as suitable or preferred for a given purpose in 
connection with the invention implies that mixtures of any two or more of the members 
of the group or class are equally suitable or preferred; description of constituents in 
chemical terms refers to the constituents at the time of addition to any combination 
specified in the description, and does not necessarily preclude chemical interactions 
among the constituents of a mixture once mixed; specification of materials in ionic 
form implies the presence of sufficient counterions to produce electrical neutrality for 
the composition as a whole; any counterions thus implicitly specified should preferably 
be selected from among other constituents explicitly specified in ionic form, to the 
extent possible; otherwise such counterions may be freely selected, except for 
avoiding counterions that act adversely to the objects of the invention; the terms 
"molecule" and "mole" and their grammatical variations may be applied to ionic, 
elemental, or any other type of chemical entities defined by the number of atoms of 
each type present therein, as well as to substances with well-defined neutral mol- 
ecules, and "mole" means specifically "gram mole"; the first definition of an acronym 
or other abbreviation applies to all subsequent uses herein of the same abbreviation; 
and the term "polymer" includes "oligomer", "homopolymer", "copolymer", 
"terpolymer", and the like. 
BRIEF SUMMARY OF THE INVENTION 

It has been found that an aqueous solution containing suitable concentrations 
of sulfuric acid and hydrogen peroxide is at least as effective as conventional 
aqueous ammonia for removing copper kiss from pickled surfaces. At least in its 
preferred embodiments, this type of aqueous solution has no unpleasant odor, 
presents no known atmospheric health hazard, and does not require expensive 
pollution abatement equipment when used. Various embodiments of the invention 
include liquid working compositions for direct use in treating metals, processes for 
treating metals with a composition according to the invention, and extended pro- 
cesses including additional operations that may be conventional perse, such as initial 
pickling to produce the copper kiss surface. 



DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED 
EMBODIMENTS 
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A working composition according to the invention comprises, preferably 
consists essentially of, or more preferably consists of, water and: 

(A) a concentration of dissolved H 2 S0 4 that is at least, with increasing preference 
in the order given, 0.5, 1 .0, 1 .5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or 5.0 percent and 
independently preferably, at least for economy, is not more than 15, 10, 9.0, 
8.0, 7.0, 6.5, 6.0, 5.5, or 5.2 percent; and 

(B) a concentration of dissolved H 2 0 2 that is at least, with increasing preference 
in the order given, 0.2, 0.5, 0.8, 1.1, 1.4, 1.7, 2.1, 2.3, 2.5, 2.7, or 2.9 percent 
and independently preferably, at least for economy, is not more than, with 
increasing preference in the order given, 6.5, 5.5, 4.5, 3.5, or 3.1 percent; and, 
optionally, 

(C) a concentration of dissolved HF that preferably, at least for economy, is not 
more than, with increasing preference in the order given, 6.0, 5.0, 4.0, 3.5, 
3.0, 2.5, 2.0, 1.5, or 1 .0 percent and independently, when greater than zero, 
preferably is at least, with increasing preference in the order given, 0.10, 0.20, 
0.30, 0.40, 0.50, 0.60, 0.70, or 0.80 percent. 

Ordinarily, for convenience and economy, hydrogen peroxide is sourced to a 
composition according to the invention from a commercially available aqueous 
solution of hydrogen peroxide. However, it is known to those skilled in the art that 
hydrogen peroxide can be effectively supplied to aqueous solutions by adding other 
peroxides and allowing them to hydrolyze to hydrogen peroxide in the solution. It is 
also known that various stabilizers of hydrogen peroxide that retard its spontaneous 
decomposition may be added to an aqueous solution of hydrogen peroxide to improve 
its storage stability, and inclusion of such stabilizers is within the scope of a 
composition according to this invention. 

In a process according to the invention, a surface having at least some part 
thereof bearing a coating of displacement plated copper or other noble metal is 
preferably contacted with a liquid composition according to the invention as described 
above. The temperature of the composition during its contact with the surface to be 
freed of copper kiss is not critical and may range from the freezing point to the boiling 
point of the liquid. At least for convenience and economy, the temperature most 
preferably is within the range of normal human comfort ambient temperature, i.e., 
from 18 to 25 °C. The time should be sufficient to accomplish the removal of the 
copper kiss to the extent needed for the application envisaged for the finally pickled 
object. As little as 3 seconds (this unit being hereinafter usually abbreviated as "sec") 
may be sufficient, and no more than 2 minutes (this unit being hereinafter usually 
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abbreviated as "min") would generally be needed, in contrast to the times of at least 
10 and often as much as 30 min normally used for primary pickling. 

For a variety of reasons, it is sometimes preferred that compositions according 
to the invention as defined above should be substantially free from many ingredients 
used in compositions for similar purposes in the prior art. Specifically, it is preferred, 
with increasing preference in the order given, independently for each preferably 
minimized component listed below, that these compositions contain no more than 10, 
5, 3, 1 .0, 0.35, 0.10, 0.08, 0.04, 0.02, 0.01 , 0.001 , or 0.0002, percent of each of the 
following constituents: nitrate; nitric acid; nitrite; nitrous acid; halates and perhalates 
(i.e., perchlorate, chlorate, iodate, etc.); chloride; bromide; iodide; organic compounds 
containing nitro groups; organic molecules each of which contains at least two moi- 
eties selected from the group consisting of carboxyl, carboxylate, hydroxy!, peroxy, 
keto, aldehydo, amino, amido, substituted amido, nitrile, substituted amino, thio, ether, 
thioether, phosphino, and substituted phosphino moieties; hexavalent chromium; 
manganese in a valence state of four or greater; metal cations, other than those 
dissolved from the substrates being treated, with a valence of two or more; ferricyan- 
ide; ferrocyanide; and pyrazole compounds. Even though components such as these 
may not be harmful in some cases, they have not been found to be needed or advan- 
tageous in compositions according to this invention, and their minimization will there- 
fore normally be preferred for economy 

A process according to the invention may be used to remove any layer of rela- 
tively noble metal on the surface of a baser metal or alloy that is sufficiently 
passivated by the peroxide content of a composition according to the invention to 
avoid substantial dissolution of the baser metal or alloy. However, as already partially 
indicated above, it is most advantageously, and therefore preferably, applied to 
removing copper kiss formed by a preliminary pickling of alloys of the types often 
identified by the trademarks MONEL™ and INCONEL™. Nickel and/or cobalt is the 
most predominant metal in these alloys, but they also contain substantial minor 
fractions of copper. Any type of initial pickling known in the art usually leaves on the 
initially pickled surface a copper kiss contamination that this invention is well adapted 
to remove. This invention is perhaps most advantageously adapted to removing the 
copper kiss coating left by initial pickling as taught in one or more of U. S. Patents 
5,417,775, 5,843,240, and 5,908,511, the entire disclosures of which, exclusive of 
their teachings of prior art and of anything that might be inconsistent with any explicit 
statement herein, are hereby incorporated herein by reference. 

The practice of this invention may be further appreciated by consideration of 
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the following, non-limiting, working examples. 
Example 1 

Heat treated MONEL™ 400 alloy was pickled successively in a 30 % solution 
of H 2 S0 4 in water for 30 min, then a solution of H 2 S0 4f NaCI, NaN0 3 , and FeCI 3 in 
water for 2.0 min, and finally a solution in water of H 2 S0 4 and NaCI for 1 .0 min. All 
scale was removed, but a copper kiss was present. This was removed by immersion 
for 5 sec at ambient human comfort temperature in a solution in water of 50 grams of 
H 2 S0 4 per liter of solution (this unit of concentration being hereinafter usually 
abbreviated as "g/\ n ) and 30 g/l of H 2 0 2 . A high quality pickled surface resulted. 
Example 2 

Heat treated MONEL™ 400 and nickel type 205 alloys were pickled in a 
solution in water of 132 g/l of H 2 S0 4 , 39 g/l of HF, 20 - 25 g/l of iron cations, and 
sufficient hydrogen peroxide to give the solution an oxidation-reduction potential of 
404 millivolts more oxidizing than a standard hydrogen electrode. A copper kiss that 
formed after pickling was easily removed afterward by dipping in a solution of H 2 S0 4 
and H 2 0 2 with the same concentrations as described in Example 1 . 
Example 3 

A large coil of commercially pickled nickeliferous alloy wire bearing a copper 
kiss was immersed, while still hot from being pickled at 82 °C, into about 750 liters of 
a solution in water of 41 .9 g/l of H 2 S0 4 , 9.7 g/l of HF, and 42.7 g/l of H 2 0 2 . After about 
90 seconds, the coil was removed for a short inspection and then reimmersed for 
another 90 - 120 sec. After this time, the copper kiss had been sufficiently well 
removed to pass inspection for commercial use. 



WO 01/68930 



PCT/US01/08262 



The invention claimed is: 

1 . A process for removing from a metallic surface a coating of copper or another 
metal more electrochemically noble than copper by contacting said coating with an 
aqueous liquid composition of matter that comprises water and: 

(A) dissolved sulfuric acid; and 

(B) dissolved hydrogen peroxide, 

said contacting removing said coating by chemical reaction therewith in a time not 
greater than 10 minutes. 

2. A process according to claim 1 , wherein said aqueous liquid composition of 
matter additionally comprises dissolved hydrofluoric acid. 

3. A process according to claim 2, wherein in said aqueous liquid composition 
of matter there are a concentration of dissolved sulfuric acid that is from about 1 .0 to 
about 15 %, a concentration of dissolved hydrogen peroxide that is from about 0.5 to 
about 6.5 %, and a concentration of dissolved hydrofluoric acid that is from about 0.20 
to about 0.80 %. 

4. A process according to claim 1 , wherein in said aqueous liquid composition 
of matter there are a concentration of dissolved sulfuric acid that is from about 1 .0 to 
about 15 % and a concentration of dissolved hydrogen peroxide that is from about 
0.10 to about 6.5%. 

5. A process according to claim 4, wherein in said aqueous liquid composition 
of matter there are a concentration of dissolved sulfuric acid that is from about 2.5 to 
about 1 0 % and a concentration of dissolved hydrogen peroxide that is from about 1 .4 
to about 6.0 %. 

6. A process according to claim 3, wherein in said aqueous liquid composition 
of matter there are a concentration of dissolved sulfuric acid that is from about 2.5 to 
about 10 %, a concentration of dissolved hydrogen peroxide that is from about 1 .4 to 
about 6.0 %, and a concentration of dissolved hydrofluoric acid that is not more than 
about 2.5 %. 

7. A process according to claim 6, wherein said coating has been formed by dis- 
placement plating from a pickling solution previously used to treat said metallic 
surface. 

8. A process according to claim 5, wherein said coating has been formed by dis- 
placement plating from a pickling solution previously used to treat said metallic 
surface. 
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9. A process according to claim 4, wherein said coating has been formed by dis- 
placement plating from a pickling solution previously used to treat said metallic 
surface. 

1 0. A process according to claim 3, wherein said coating has been formed by dis- 
placement plating from a pickling solution previously used to treat said metallic 
surface. 

11. A process according to claim 2, wherein said coating has been formed by dis- 
placement plating from a pickling solution previously used to treat said metallic 
surface. 

1 2. A process according to claim 1 , wherein said coating has been formed by dis- 
placement plating from a pickling solution previously used to treat said metallic 
surface. 

13. A process according to claim 12, wherein said pickling solution consisted 
essentially of water, dissolved sulfuric acid, dissolved hydrofluoric acid, and dissolved 
ferric cations, and, optionally, one or more of: gaseous oxygen; hydrogen peroxide; 
and metal cations dissolved during the pickling. 

14. A process according to claim 11, wherein said pickling solution consisted 
essentially of water, dissolved sulfuric acid, dissolved hydrofluoric acid, and dissolved 
ferric cations, and, optionally, one or more of: gaseous oxygen; hydrogen peroxide; 
and metal cations dissolved during the pickling. 

15. A process according to claim 10, wherein said pickling solution consisted 
essentially of water, dissolved sulfuric acid, dissolved hydrofluoric acid, and dissolved 
ferric cations, and, optionally, one or more of: gaseous oxygen; hydrogen peroxide; 
and metal cations dissolved during the pickling. 

16. A process according to claim 9, wherein said pickling solution consisted es- 
sentially of water, dissolved sulfuric acid, dissolved hydrofluoric acid, and dissolved 
ferric cations, and, optionally, one or more of: gaseous oxygen; hydrogen peroxide; 
and metal cations dissolved during the pickling. 

17. A process according to claim 8, wherein said pickling solution consisted 
essentially of water, dissolved sulfuric acid, dissolved hydrofluoric acid, and dissolved 
ferric cations, and, optionally, one or more of: gaseous oxygen; hydrogen peroxide; 
and metal cations dissolved during the pickling. 

18. A process according to claim 7, wherein said pickling solution consisted 
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essentially of water, dissolved sulfuric acid, dissolved hydrofluoric acid, and dissolved 
ferric cations, and, optionally, one or more of: gaseous oxygen; hydrogen peroxide; 
and metal cations dissolved during the pickling. 

1 9. A liquid composition of matter suitable for removing from a metallic surface a 
coating of copper or another metal more electrochemically noble than copper by con- 
tacting said coating, said liquid composition comprising water and: 

(A) from about 2.5 to about 8.0 percent of dissolved sulfuric acid; and 

(B) from about 1 .7 to about 5.0 percent of dissolved hydrogen peroxide; 
and, optionally, 

(C) up to 5.0 percent of dissolved hydrofluoric acid. 

20. A composition according to claim 19, wherein the concentration of dissolved 
sulfuric acid is from about 4.0 to about 5.5 percent and the concentration of dissolved 
hydrogen peroxide is from about 2.3 to about 5.0 percent. 
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